The clinical couise w-as obser1ved and balance studies were conducted in a series of patients with congestive heart failure who had hvponatiemia and who had become iefractory' to me'cuiial diuretics. The data obtained during control periods and during treatment with hylpertonic sodium solutions suggest that, in addition to sodium depletion, some disturbance is present in the mechanisms which regulate the water balance of the body. The administration of potassium (lid not appear to effect a diuresis.
IN THE previous paper' data were presented on the exchanges of water and electrolytes in patients with congestive heart failure during loss of their edema by diuresis. In the present communication similar studies are set forth of edematous patients who had become refractory to mercurial diuretics.
In the first paper of this series2 the possible effects of certain changes in body fluid distribution on circulatory and renal function were discussed. Reductioni of cardiac output, rate of glomerular filtration, and renal insufficiency are known to be regular effects of depletion of sodium ion,3 4 and the administration of sodium to salt-depleted subjects has been shown to restore the effectiveness of mercurial diuretics.5 6 Sodium depletion as a result of excessive administration of mercurial diuretics has been described by many observers7-12 and has been termed by Schroeder "the low-salt syndrome." Since hyponatremia is a common finding in edematous cardiacs who have received mercurials,13 it seemed pertinent to inquire whether loss of sodium in relation to water From the Chemical Section of the Department of Medicine, and the Hospital of the University of Pennsylvania, Philadelphia, Pa.
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During the study, J. R. E. was an Established Investigator of the American Heart Association. 58 was the principal factor in the refractoriness of these patients to various diuretic measures. Disturbances in the distribution of potassium have also been implicated in congestive heart failure. Newman and co-workers14 and others,'5-17 as well as ourselves,1 had shown that potassium may be retained inl excess of nitrogen (luring the diuresis of the edema fluid. Fox and associates"8 have claimed that the administration of potassium to hyponatremic cardiacs, along with sodium, is a factor in the initiation of diuresis. For this reason the effect of potassium therapy in such patients requires study.
The purpose of this investigation was to determine in a group of hyponatremic mercurialfast edematous cardiacs (1) whether the hyponatremia could be attributed to retention of water, to loss of sodium, or to both, (2) whether the raising of the extracellular concentration of sodium by the administration of hypertonic solutions of sodium would promote the onset of diuresis, and (3) whether the administration of potassium played a critical role in the diuresis of the edema fluid.
EXPERIMENTAL METHODS AND PROCEDURE
Thirteen patients with peiipheial edema due to heart disease were the subjects of study. All of these patients had become r'efractory to mercurial diuretics during sustained administration of the drug; most of them were hvponatremic. Nine of the patients were given hypertonic solutions of sodium during which time water was restricted; three were Circulation, Volume 1, January, 1952 given hypertonic sodium solutions and potassium; and two were given, on three occasions, potassium solutions only.
The clinical response in terms of sense of wellbeing, thirst, and diuresis were observed; the changes in components of the body fluids were calculated Patient: F. N. Arterioscler. Heart Disease Therapy were treated with hypertonic sodium solutions are tabulated in table 1 no diuresis was associated with the administration of this iolI. This was likewise true in the other two patients, G. B. and J. B., who retained large amounts of administered potassium (figs. 4 and 5A, tables 2B and 3B).
balance was zero or positive; that is, the concentration decrement was due to retention of water rather than to loss of sodium. When sodium ion was administered to the hyponatremic patients, the serum or extracellular con-
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. 19) . A rise in serum carbon dioxide was not prevented by the administration of potassium chloride nor was a diuresis initiated (days 6 to 13). diuresis following hypertonic sodium therapy but excreted water greatly in excess of salt, further concentrating his total level of electrolyte (tables 2A and 2B, fig. 3 ).
Expansion of the extracellular phase must have been at the expense of the intracellular partment was expanded rather than contracted (tables 2B and 3B), indicating that changes in intracellular as well as extracellular osmolarity were conditioning the distribution of water under these circumstances.
Potassium Exchanges. The serum potassium ; C4 These positive values were not associated with diuresis. Total change in osmotically active base for each of six studies amounted to 28 to 125 per cent of the total external transfers of sodium plus potassium. DISCUSSION The observations in these patients have not been complete enough to yield definitive data on the problems outlined in the introduction. Obviously, the lack of measurements of general and renal hemodynamics and of regional differences in fluid distribution prevents accurate assessment of the effect of changes inl the systemic circulation on the loss of edema. Nevertheless, these studies do permit a few conclusions to be draw inl respect to this type of patient, and the findings demonstrate that the problem is not a simple one.
The response of some of the patients to hypertoniic solutions of sodium indicates that sodium depletion is sometimes a factor in the oliguria of hyponiatremic cardiac patients. The presence of hypotension and the symptoms of weakness and occasional ileus support this interpretation. Sodium depletion is not ruled out by the failure of a maj ority of these patients to have a diuresis following such therapy in their particular instance; other factors must be involved as well. The facts that the serum sodium concentration continues to fall when the sodium is not being lost, that during sodium administration thirst appears long before the serum sodium reaches normal, and that after therapy the serum sodium concentration fre-(tuently returns to its previous low level, strongly suggest that some process is operative in these patients which requires the maintenawice of a lower thaiw normal total conicenitrationi of electrolytes. In the previous study1 it was showni that during diuresis of edema fluid intracellular water was lost, and that intracellular base wN-as being inactivated. As was pointed out inl the dis(ussion of this problem in the first paper2 such a process might result inl intracellular dehydration ill the presence of a low concentration of electrolyte (or hyponatremia), an initrancellular abnormality that might through humoral mechanisms inhibit the excretion of water and salt. Since no measurements were made either of the absolute volume of the intracellular fluid compartment, or of antidiuretic hormone production, these particular studies neither confirm nor deny this hypothesis.
The hyponatremia that occurs in other states of sodium depletion, such as in gastrointestinal fluid loss, sweating, or adrenocortical insufficiency, usually appears after the initial stages of the conditions. Where the fluid lost is isotonic (as in succus entericus) or hypotonic (as in sweat) the onset of hyponatremia is dependent upon the acquisition of salt-free water. Peters'9 has interpreted the fall in total electrolyte concentration to indicate that under such stress the volume of body fluids is more zealously guarded than composition. While such an interpretation is possible in these cases, not only is the mechanism of such a teleologic homeostasis quite unknown, but the recurrence of hypoiiatremia following sodium therapy is strongly against such an interpretation. It seems reasonable, therefore, to seek some explanation such as intrinsic change inl intracellular osmolarity.
The role that mercury has played in these cases is somewhat obscure. It is entirely possible that the development of resistance to the diuretic action of mercurial preparations was quite unrelated to the drug and was due to other factors of central, peripheral, and renal circulatory failure. Oni the other hand, the occurrence of hyponatremia seemed to be more common in cardiac patients who had received mercury than inl those who had not,13 and the patients reported in this paper had certainly had intense mercury therapy ( The metabolic alkalosis which was present in these patients did not appear to be related to abnormalities of potassium or sodium content of the intracellular phase, as reported in other conditions. 24 25 In patient J. B. the extracellular bicarbonate concentration fell when ammonium chloride was given and rose when mercury was given, without significant change in cellular sodium or potassium ( fig. 5 ). This fits in with the evidence in the previous studies ' The practical therapeutics of the hyponatremic cardiac patient refractory to mercurial diuretics remain to be clarified. Certainly some of these patients need sodium ion in hypertonic solution. Such patients are those with severe hyponatremia, with azotemia, and with evidence of peripheral vascular collapse: weakness, cold sweating, and hypotension. When these findings are present the authors believe that such therapy should be tried. It is impossible, however, at the present time, to predict whether such therapy will be successful. We do not know enough concerning the other factors involved. The factor of time, or speed of therapy, is probably very important. Patient R. S. may well have been lost because the sodium was administered too rapidly. Patient H. W. was given hypertonic sodium solution with much greater restraint (less sodium over a longer period of time); the immediate effect on his renal function was much better than in patient R. S. Perhaps rehydration of cells which must result from Schemm's treatment26 plays an important part in the initiation of diuresis. A great deal more observation is needed to work out the precise therapeutic indications of this syndrome.
SUMMARY AND CONCLUSIONS
Fifteen balance studies were carried out in 13 edematous cardiac patients, most of whom were hyponatremic, and all of whom had become refractory to mercurial diuretics. The majority were given hypertonic sodium solution, some received potassium, and a few were given both ions.
During control periods in six patients the serum sodium concentration fell to even lower levels when the patient was in sodium equilibrium or was retaining sodium.
The administration of hypertonic sodium solution resulted in some degree of diuresis in only five of 11 patients; in only two was the edema completely eliminated. Most of the patients developed thirst while still hyponatremic.
The administration of potassium, with or without sodium, to a few of the patients was 72 not associated with any diuresis, although potassium was retained in the cellular phase.
It is concluded that while systemic sodium depletion may be present, may be depressing the circulation, and may be treated successfully with hypertonic sodium solution, other factors are involved in this syndrome leading to retention of water rather than to loss of salt. Alteration in intracellular osmolarity may be one of these. Only when these factors are understood will the precise indications for therapy of this syndrome be known.
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